This paper presents a symmetric dual-band filter with a centre frequency of 887 MHz. The filter uses modified structure of dual spiral resonators with interdigital capacitive load. At the same resonant frequency, the resonator can occupy area of less than 2.75% the area of the square loop resonator.
resonator structure also allows two types of couplings and, hence, allows application of cross-couplings with different signs to the direct couplings. 
The miniaturization can be achieved by folding, meandering, and/or capacitive-loading the microstrip straight resonators [1] . HTS spiral resonators usually exhibit a much smaller size and have a higher unloaded quality factor than the conventional hairpin resonators [2] . Cross couplings between nonadjacent resonators can be applied in the same manner to achieve a multiband bandpass filter [3] . To this end, transmission zeros are located within the passband of a bandpass filter, thus, dividing it into smaller passbands [4] .
In [5] , Zhou introduced a highly miniaturized dual-spiral resonator with capacitive load. A method of achieving negative cross-couplings has been introduced later by the same author by connecting the coupled pair of resonators with a crossing microstrip line [6] . In this circuit the resonators need to be well spaced from each other to make electric coupling dominant.
This restricts the application of this type of cross-coupling to certain topologies. This paper introduces a modification of the resonator structure, which allows an alternative to the negative coupling.
In section II, the effect of capacitive loading on dual spiral resonators is discussed. The new structure, which allows electric couplings, is also presented. In section III, a new filter with the modified resonators is introduced. This filter exhibits dual-band characteristics by optimizing the locations of the transmission and reflection zeros using algorithm explained in [4] .
Dual Spiral Resonators:
Capacitive-loading has been used to miniaturize halfwavelength square loop resonators. The resultant resonators can occupy area of less than 51% the area of the square loop resonator [7] . Zhou in [5] has applied the same principle to miniaturize dual-spiral resonators ( Fig. 1.(a) ).
The capacitive-loaded resonator ( Fig. 1.(b) ) has a very low sensitivity to substrate thickness. It is reported that a change of 10 μm in the substrate thickness shifts the centre frequency (610 MHz) by only 33 kHz. The resonator has the interesting property of minimizing the far field radiation [5] .
Moreover, the spurious harmonics at Considering all the advantages that the capacitive-loaded dual-spiral resonator has, the resonator structure in Fig. 1 (b) has been modified to allow the edges of the dual-spiral to not be enclosed within the resonator structure (see Fig. 1(c) ). This permits the use of the same mechanism of electric/magnetic couplings as in hairpin resonators [8] .
In this section, the capacitive loading of a dual-spiral resonator has been investigated further by using a similar method to the one reported in [9] . Two transmission zeros can be achieved by cross-coupling the 1 st and 4 th resonators. The location of these zeros can be optimized to achieve the requisite filtering functions. The general coupling matrix has been built using the method developed by Cameron [10] . The matrix is synthesized again to achieve canonical topology using optimization [11] .
The resultant normalized coupling coefficients are, Q are the input and output external quality factors, respectively. The filter layout is shown in Fig. 3 . 
